PinX1 has been identified as a suppressor of telomerase enzymatic activity. However, the tumour-suppressive roles of PinX1 in different types of human cancers are unclear. PinX1 expression status and its correlation with clinicopathological features in non-small-cell lung cancer (NSCLC) have not been investigated. Accordingly, in this study, we aimed to evaluate the roles of PinX1 in NSCLC. PinX1 expression status was examined by immunohistochemistry using tissue microarray from a total of 158 patients. Correlations among PinX1 expression, clinicopathological variables, and patient survival were analysed. Furthermore, we overexpressed PinX1 in NSCLC cells and tested telomerase activity using real-time quantitative telomeric repeat amplification protocol (qTRAP) assays. Proliferation and migration of NSCLC cells were examined using the MTS method, wound healing assays, and transwell assays, respectively. Our results showed that negative PinX1 expression was associated with a poor prognosis in NSCLC. Sex, smoking status, lymph gland status, subcarinal lymph node status, pathological stage, and PinX1 expression were related to survival. PinX1 was not an independent prognostic factor in NSCLC. PinX1 overexpression inhibited proliferation and migration in NSCLC cells by suppressing telomerase activity. Our findings suggested that PinX1 could be a potential tumour suppressor in NSCLC and that loss of PinX1 promoted NSCLC progression.
Introduction
Lung cancer (LC) is one of the most common types of malignant tumours, and the incidence of LC has increased in recent years. According to the latest data, the number of new cases of carcinoma of the lung and bronchus in the United States of America (USA) was expected to reach up to 224,390 in 2015, among which 158,080 patients were estimated to have died from their disease [1] . Additionally, the incidence and mortality rates of LC increased in 2015 [2] . In China, an estimated 4,292,000 new cancer cases and 2,814,000 cancer-related deaths occurred in China in 2015, with LC being the most common cancer type and the leading cause of cancer-related death [3] . LC is related to a variety of factors [4] [5] [6] [7] [8] , and because of the major public health concerns associated with LC, particularly non-smallcell lung cancer (NSCLC, accounting for approximately 80% of total LC), studies of the aetiology and pathogenesis of LC are urgently needed. Recent studies have shown that genetic factors could be the major cause of NSCLC [9] . Additionally, accumulating evidence has suggested that some genetic factors can also enhance the effects of environmental carcinogens in susceptible populations.
As has been shown previously, tumorigenesis most often occurs owing to the presence of genetic mutations [10] . Mutations in key genes that control cell proliferation, cell cycle progression, differentiation, apoptosis, and other important cell functions are likely to cause tumorigenesis. Telomeres are regions of repetitive nucleotide sequences combined with proteins at each end of a chromosome; these units function 2 BioMed Research International to protect the end of the chromosome from deterioration or fusion with neighbouring chromosomes and have been shown to control the cell division cycle [11] . Certain lengths of telomeres are prerequisites of cell division [12, 13] . In some actively dividing cells, such as cancer cells, telomerase is activated, adds repetitive sequences at the end of telomeres, and promotes the continuation of cell division [14] . PIN2/TERF1-interacting telomerase inhibitor 1 (PinX1) is a nucleolar protein evolutionarily conserved from yeasts to humans and is known to function as a suppressor of telomerase enzymatic activity through C-terminal domain binding with telomerase reverse transcriptase (TERT) [15] . PinX1 downregulation results in poor prognosis in some cancers, including gastric cancer [16] , prostate cancer [17, 18] , ovarian cancer [19, 20] , and breast cancer [21, 22] . Another study showed that PinX1 not only functions as a telomerase inhibitor but also stabilises telomerase and further protects telomeres. The same study also showed that PinX1 contributes to tumorigenicity in cancer cells [23] , in contrast with other studies.
PinX1 expression status has been shown to be altered in many cancers. However, no studies have evaluated the expression and prognostic value of PinX1 in NSCLC. Therefore, in this study, we investigated the expression of PinX1 and the association of PinX1 expression with clinicopathological features and outcomes in NSCLC using tissue samples from 158 patients. Our findings provide important insights into the role of PinX1 in NSCLC progression.
Materials and Methods

Patients and Samples.
The study was approved by the Ethics Committee of Tianjin Medical University Cancer Hospital. A total of 158 patients, including 57 patients with adenocarcinoma and 101 patients with squamous cell carcinoma (SCC), with a median age of 61 years (range: 40-77 years), were enrolled in the study group. All samples were from patients who underwent surgery for complete removal of cancer and were collected from February 2010 to June 2012. All patients provided written informed consent for participation in the study.
Immunohistochemical Staining.
The evaluation of PinX1 staining was performed in a blinded, independent manner by two pathologists. Immunohistochemistry (IHC) was performed by standard operating procedures, and a semiquantitative scoring method according to intensity (no, very weak, intermediate, and strong staining); no staining and very weak staining were considered "negative," whereas intermediate and strong staining were considered "positive." A primary polyclonal anti-PinX1 antibody (1 : 200; Sigma, St. Louis, MO, USA) and polymer peroxidase-labelled secondary antibody (ZSGB-Bio, Beijing, China) were used in IHC, followed by staining using a DAB Horseradish Peroxidase Color Development Kit (ZSGB-Bio, Beijing, China) [24] .
Cell Culture.
Human lung adenocarcinoma A549 cells and human squamous cell lung carcinoma H520 cells, two commonly used cell lines in LC research, were cultured in 1640 medium containing foetal calf serum (Gibco/Life Technologies, Carlsbad, CA, USA) and 1% penicillin/streptomycin (Invitrogen, Carlsbad, CA, USA), as previously reported. Cells were passaged when they reached 80-90% confluence using 0.25% trypsin-ethylenediaminetetraacetic acid (EDTA; Gibco).
Lentivirus-Induced PinX1
Overexpression. PinX1 cDNA was subcloned into a lentiviral vector pSL6 as previously reported [23, 25] . The production of recombinant lentivirus and their use in cell infection were performed according to standard procedures [26] [27] [28] . Specifically, lentiviral particles were generated by transfection of 293T cells with plasmids encoding the vesicular stomatitis virus G envelope, gagpol, and PinX1. Medium containing lentiviral particles was harvested 48 h after transfection, filtered (0.45 m), and frozen until use. NSCLC cell lines were transduced using viral supernatants. The expression of PinX1 was confirmed by western blotting.
Cell Proliferation Assay. A One Solution Cell Proliferation Assay kit (the MTS/phenazine methosulphate [PMS]
method; Promega, Madison, WI, USA) was used to assess cell proliferation according to the manufacturer's instructions. After incubation for 4 h at 37 ∘ C, the absorbance was measured using an automatic microplate reader (Gene Company, Hong Kong, China) at an optical density of 490 nm (OD 490 ).
Telomeric Repeat Amplification Protocol (TRAP) Assay.
Cells were lysed in CHAPS lysis buffer (United ChemiCon, Rolling Meadows, IL, USA). Telomerase activity was quantified using a quantitative polymerase chain reaction-(qPCR-) telomeric repeat amplification protocol [29] . Realtime PCR was performed on an ABI PRISM 7500 Fast Sequence Detection System (Applied Biosystems, Foster City, CA, USA).
Wound Healing Assay.
Cells were seeded into 6-well tissue culture plates. When cells reached 90-95% confluence as a monolayer, viral infection was carried out. The monolayer was slowly scratched with a new 0.2 mL pipette tip across the centre of the well. After scratching, the wells were gently washed twice with medium to remove the detached cells. Cells were then cultured for 48 h, and photographs were acquired (Olympus, Japan).
Transwell Migration Assay.
Cell migration assays were performed using modified two-chamber plates with a pore size of 8 m. Cells with serum-free medium were seeded into the upper chamber of 24-well transwell plates. Medium containing 10% foetal bovine serum was added to the bottom chamber. Cells that migrated to the bottom of the filter were fixed, stained with crystal violet, and counted in nine random fields [30] .
Statistical Analysis.
Statistical analysis was performed using SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA). The relationship between PinX1 protein expression and clinicopathological data in patients with NSCLC was estimated using chi-squared tests. The Kaplan-Meier method and the log-rank test were used to calculate overall survival (OS) and disease-free survival (DFS), and multivariate analyses were based on the Cox proportional hazards regression model for independent prognostic value. Differences with values of less than 0.05 were considered statistically significant. Twoway analysis of variance was performed for evaluation of differences between groups, including control and PinX1-overexpression groups. The significance level was set to = 0.05.
Results
Association between PinX1 Expression and Clinicopathological Features in Patients with NSCLC.
PinX1 expression was examined using IHC in an NSCLC tissue microarray with 158 cancer samples ( Figure 1 ). PinX1 positivity was detected in 41 of 158 (25.95%) NSCLC samples, while PinX1 negativity was observed in 117 of 158 (74.05%) samples. PinX1 expression was correlated with sex ( = 0.020, increased in men), smoking status ( = 0.034, increased in smokers), histological type ( < 0.001, increased in SCC), recurrence and metastasis after resection ( = 0.023, decreased in the presence of metastasis), and lymph node metastasis ( = 0.033, increased for N0). PinX1 expression was not associated with age, tumour location, operation method, T stage, or TNM stage (Table 1) .
Association between PinX1 Protein Expression and Survival in Patients with NSCLC. Kaplan-Meier survival curves
were used to compare 5-year OS and DFS in all 158 patients and in 101 patients with the SCC subtype of NSCLC (Figure 2) . The survival analysis showed that negative PinX1 was associated with poor OS ( = 0.032 for SCC and = 0.018 for total) and DFS ( = 0.034 for SCC and = 0.014 for total). For patients with SCC, the 5-year overall cumulative survival rate dropped from 64% in patients with positive PinX1 expression to 34% in those negative for PinX1 expression, and the 5-year disease-free cumulative survival rate dropped from 60% in patients with positive PinX1 expression to 34% in those negative for PinX1 expression (Figures 2(a) and 2(b) ). In terms of 5-year OS in all patients, the cumulative survival function of positive PinX1 expression was 67%, while that of negative PinX1 expression was 37%; for 5-year DFS in all patients, the cumulative survival function of positive PinX1 expression was 62%, while that of negative PinX1 expression was 38% (Figures 2(c) and 2(d) ).
Univariate Cox regression analysis showed that sex, smoking status, lymph gland status, subcarinal lymph node status, pathological stage, and PinX1 expression were related to survival (Table 2) . Therefore, all of these variables were included in the multivariate analysis. Multivariate analysis revealed that PinX1 was not an independent prognostic factor in NSCLC (Table 3, = 0.253 for DFS, = 0.248 for OS).
PinX1 Overexpression Inhibited the Proliferation and
Migration of NSCLC Cells. Because PinX1 was found to function as a tumour suppressor, we attempted to confirm our previous findings in NSCLC cells. We employed A549 and H520 cells derived from human NSCLC tissues and generated PinX1-overexpressing cells for both lines. PinX1 overexpression was confirmed by western blotting (Figure 3(a) ). Since PinX1 is an inner telomerase inhibitor, we first detected the effects of PinX1 on telomerase activity in lung cancer cells. We tested telomerase activity and found that PinX1 overexpression inhibited telomerase activity in both A549 and H520 cells (Figure 3(b) ).
We then compared cell proliferation in PinX1-overexpressing cells and control cells for each cell line. H520 cells showed reduced proliferation when PinX1 was overexpressed beginning on day 3, whereas A549 cells showed reduced cell proliferation when PinX1 was overexpressed beginning on day 4 ( Figure 4 ). Next, we evaluated cell migration with wound healing assays and transwell migration assays. In wound healing assays, both A549 and H520 cells showed reduced cell migration when PinX1 was overexpressed compared with that in control cells at 48 h ( Figure 5(a) ). We obtained similar results in transwell migration assays and found that both cell lines exhibited reduced signals with PinX1 overexpression, suggesting that PinX1 overexpression suppressed NSCLC cell migration ( Figure 5(b) ).
Discussion
Association between PinX1 Expression and Patient Survival in Cancers.
Previous studies have suggested that PinX1 is an intrinsic telomerase inhibitor and a putative tumoursuppressor gene in human cancers. PinX1 expression is significantly reduced in a variety of cancer types. However, PinX1 expression has not been previously reported in NSCLC. In the present study, we enrolled a total of 158 patients with NSCLC and used IHC to detect PinX1 protein expression in tumour tissues. Among all cases, PinX1 positivity was found to be more frequent in SCC (36 of 101 samples) than in adenocarcinoma (5 of 55 samples), suggesting that PinX1 expression may be associated with specific tissue types. Both the 5-year OS and 5-year DFS in patients with colorectal cancer are lower in patients with low/negative expression of PinX1 protein compared with that in patients with high/moderate expression of PinX1 [31] which is consistent with our current findings. In patients with SCC, PinX1 positivity was associated with a better prognosis, similar to the results in the total patient cohort. In other types of cancer, PinX1 expression has been shown to be a predictor of cervical SCC (CSCC) cell response to cisplatin/paclitaxel chemotherapy. Moreover, positive expression of PinX1 is correlated with the response of CSCC to cisplatin/paclitaxel chemotherapy and is an independent predictor of reduced survival [32] . In esophageal SCC (ESCC), reduced PinX1 expression did not affect ESCC cell response to 5-fluorouracil and cisplatin but did increase the efficacy of radiation therapy. High levels of PinX1 cause reduced cell death due to radiation and are a predictor of short disease-specific survival [32] . However, further studies are needed to assess the association between PinX1 expression and therapy effectiveness/sensitiveness, which could guide interventions and improve our understanding of NSCLC.
PinX1 Functioned as a Tumour-Suppressive Factor in NSCLC Cells.
Our results revealed that PinX1 expression was related to survival but was not an independent prognostic factor, as evaluated by IHC using patient samples. Previous studies have shown that reduced expression of PinX1 is implicated in various human cancers, including breast cancer [21, 22] , ovarian cancer [19, 20] , gastric cancer [16] , and liver cancer [31] , suggesting that PinX1 may function as a tumour suppressor in multiple human cancers. In the present study, we also provided evidence of the tumour-suppressive role of PinX1 in NSCLC cells. A549 cells were established by removal and culture of cancerous lung tissues in an explanted tumour from a 58-year-old Caucasian man. The cells produced were adenocarcinomatous alveolar basal epithelial cells. In contrast, H520 cells were established from an SCC of the lung and exhibited lower p53 mRNA transcript expression than normal lung cells. In this study, tumour samples, including lung adenocarcinoma and squamous cell lung cancer, were analysed, and statistical analyses were performed with both histological types. As a result, we employed A549 (adenocarcinoma) and H520 (SCC) cells in subsequent experiments to support the statistical results. Our results showed that both cell lines lacked PinX1 expression, suggesting that these cell lines were good models for evaluating the effects of PinX1 in cells because of the low background PinX1 expression. In the current study, we overexpressed PinX1 in these two cell lines and attempted to determine the effects of PinX1 overexpression in these cells. Our results demonstrated that PinX1 overexpression resulted in reduced telomerase activity, consistent with previous studies [18, 19, 21] .
We also confirmed that the proliferation and migration of the above-mentioned NSCLC cells were reduced by PinX1 overexpression compared with those in control cells, suggesting that PinX1 inhibited cancer development by suppressing telomerase activity. However, as a major limitation of our study, we were not able to identify any novel signalling pathways through which PinX1 could induce these effects. Nevertheless, our findings provide important contributions to our understanding of PinX1 function in cancer. Further studies are needed to fully elucidate the mechanisms through which PinX1 mediates NSCLC progression.
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